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Numerical Study of Body-Vortex Interaction













































































































































































































downstream cylinder. Among the three factors, the vortex shedding from the up stream 
cylinder is responsible for the generation of the pressure fluctuation around the 
upstream cylinder. The effect of BVI on the pressure fluctuation around the upstream 
cylinder is minor. On the other hand, BVI plays a primary role in the generation of the 
pressure fluctuation from the downstream cylinder. In this case, the effect of the vortex 
shedding from the downstream cylinder is minor. The present result has shown that 
the pressure wave generated near the downstream cylinder by BVI is dominant and 
BVI has a primary effect on the sound generation in Mode 11 The magnitude of the 
generated sound is much larger in Mode 11 than both Mode I and the single cylinder 
case. In the range of L/D between3.5and 4 , either Mode I or Mode 11 appears 
depending on the initial condition. Both the mean drag coefficient and the Strouhal 
nuniber have two values at L / D = 3.5 and 4 , respectively. This result is in 
agreement with the experimental result. The present results show that the generated 
sound changes from one mode to another in response to the change of the flow pattern. 
In the case of the staggered arrangement, the effect of both the streamwise spacing 
( L / D ) and the transverse spacing ( T / D ) between the centers of the two cylinders on 
the fluctuation of the forces on the two cylinders and the generation and propagation 
mechanisms of the sound was investigated in detail. The present computational results 
for near-fleld flow features are in good agreement with the experimental observations 
though the Reynolds number ranges examined are different. The present results have 
shown that five different flow patterns appear depending on the streamwise and 
transverse sp acings between the cylinders and that the magnitudes and directivities of 
the generated sound depend significantly on the flow patterns. The magnitude of the 
drag dipole sound in the case of the staggered arrangement is especially larger than in 
the case of the tandem arrangement. When the streamwise and transverse spacings 
are small (0<L/D < 3.5 and T/D < I ), the shear-]ayer reattachment (SLR) and 
1~rduced separatlbn (IS) flow regimes are observed. In SLR, the shear layer separated 
from the upstream cylinder does not roll up to form vortices but reattaches to the 
downstream cylinder, irrespective of L / D . The vortices are shed from the 
downstream cylinder only. The amplitudes of the lifts on the two cylinders are smaller 
than the single cylinder case. The magnitude of the sound is also smaller than the 
single cylinder case. In IS, the shear layer from the upper side of the upstream cylinder 
is deflected to the gap between the two cylinders, and some of the oncoming flow is 
permitted to penetrate the gap between two the cylinders. The amplitude of the forces 
on the downstream cylinder is larger than the single cylinder case. The magnitude of 
the sound is also larger than the single cylinder case. Irl both SLR and IS, the 
amplitude of the drag on the downstream cylinder is larger than that on the single 
cylinder case, and the lift and drag on the downstream cylinder synchronize. In both 
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cases of SLR and IS, the sound generated on the lower side of the cylinders propagates 
nlore upstream than that on the upper side, which corresponds to the fluctuations of 
the forces on the downstream cylinder. When the streamwise spacing is large 
(L/D > 3.5 ), the vortex lh2pjngemont (VI) flow regime is observed for T/D = O, 0.5 
and 0.8. In this flow regime, the magnitude of the generated sound is Inuch larger 
than in both SLR and IS due to the interaction between vortices shed from the 
upstream cylinder and the downstream cylinder. When the streamwise spacing is small 
(L/D < 3.5), the vortex p~irlhg alrd enveJopjng /low pattel:a (VPE) flow regime is 
observed for T / D > I . In this flow regime, merging, pairing and enveloping of both the 
shed vortices from both the upstrealn and downstream cylinders occur. The forces on 
the cylinders and the generated sound modulate due to the merging, pairing and 
enveloping of the shed vortices. The amplitudes of the forces on the upstream cylinder 
are much smaller than the single cylinder case, and those on the downstream cylinder 
are much larger. The sound is generated mainly by the vortex shedding from the 
downstream cylinder. When L/D > 4 at T/D= 2 and L/D~~l.5 at T/D=3, the 
complete volte~~' sheddihg /lowpatterl2 (CVS) flow regime is observed. When L / D < 5 
in CVS, the forces on the cylinders and the generated sound modulate due to the 
alternative appearance of in'phase and anti-phase vortex sheddings. When L / D > 4 
at T/D = 2 and L/D > 4 at T/D=3 in CVS, as in VI, the magnitude ofthe drag 
dipole sound is much larger than in the case of T / D = O . In the cases of T / D = O , 
0.5 and 0.8, the magnitude of the sound in the far-field decreases with increase in 
L / D up to L / D -- 3.5 , then monotonously increases with increase in L / D up to 
L / D -- 5 . In the cases of T / D = '_ and T/D = 3 , the magnitude of the sound in the 
far field monotonously increases with increased L / D up to L / D -- 5 , then 
decreases. 
The sound generated by the flow past two square cylinders of different diameters 
in tandem was also investigated by the direct numerical simulation. Special attention 
was paid to the effects of not only the gap G / D between the two cylinders but also 
the diameter ratio d / D on the generation of the sound. The present results have 
shown that when the diameter ratio is d / D ~~ O.5 , two different flow patterns appear 
depending on G/D and that the magnitudes of the generated sound depend 
significantly on the flow patterns. When the gap is sn~Lall (G / D < 2.5 ), the shear layer 
separated from the upstream cylinder does not roll up to form vortices but reattaches 
to the downstream cylinder and the vortices are shed from the downstream cylinder 
only (Mode I ) . The sound is generated in response to the vortex shedding from the 
downstream cylinder. When the gap is large (G/D > 3 ), the shear layer separated 
from the upstream cylinder rolls up and forms vortices in front of the downstream 







































































than that generated by a single square cylinder. The magnitude of the generated sound 
depends on the diameter ratio d / D , and decreases with increase in d / D . In Mode II, 
the magnitude of the generated sound is Inuch larger than the single cylinder case, 
irrespective of the diameter ratio d / D . When the diameter ratio is smaller than 0.8, 
the frequency of the generated sound by the vortex shedding from the upstream 
cylinder is higher than that from the downstream cylinder. The generated sound 
modulates due to the difference between the frequencies of the vortex shedding from 
the upstream and downstream cylinders. From the results shown above, it is found 
that the generated sound strongly depends on not only the gap between the cylinders 
but also the diameter ratio 
The sound generated by the interaction between the vortices and a plate was also 
investigated by direct numerical simulation. In this calculation, in order to clarify the 
basic mechanism of the sound generation, the vertical offset of the vortex generator 
with respect to the plate was varied. The fluctuation of the lift force on the plate and 
the dipole sound are generated by the interaction between the vortices and the plate . 
The amplitude of the lift variation and the intensity of the sound pressure decrease 
with an increase in the vertical offset between the vortex generator and the plate . With 
a small vertical offset, vortices generated by the vortex generator collide with the plate 
and significant distortion of the vortices occurs. As a result, the pressure fluctuations 
are generated near the leading edge of the plate. The generated pressure fluctuations 
prop agate to the far field as the sound. Therefore, the distortion of vortices plays a 
prirnary role in the generation of sound in the small vertical offset cases. With a large 
vertical offset, though vortices generated by the vortex generator pass above the plate 
preserving their coherence, they interact with the shear layers on the plate. Due to the 
interaction between the vortices and the plate, the shear layers on the plate alternately 
increase and decrease in thickness. The vorticity fluctuations occur near the leading 
edge of the plate in response to the variatiQn of the thickness of the shear layers on the 
plate. As a result, the pressure fluctuations are generated near the leading edge of 
the plate and propagate toward the far field as a sound. The interaction between the 
vortices and the shear layers on the plate plays a primary role in the generation of 
sound in the large vertical offset case. Without the vertical offset of the vortex 
generator, the directivity of the sound pressure is symmetric with respect to the 
y - plane. With the vertical offset, the directivity of the sound pressure becomes 
asymmetric. The directivity of the sound and intensity of the sound pressure 
significantly depend on the vertical offset, because the sound in the far field is 
determined by the interaction of the two sound pressure waves; one originated from the 
pressure fluctuation near the vortex generator and another originated from that near 
the plate. 
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 論文審査結果の要旨
 ヘリコプタ騒音、風車の風きり音、新幹線のパンタグラフ騒音など流体騒音の多くは渦の運動に
 伴って発生する音であり、渦の挙動と音の発生のメカニズムを解明することは騒音低減の観点から
 極めて重要さある。本論文は、流れの中に複数の物体が存在する場合に発生する騒音のメカニズム
 を解明するために、圧縮性ナビエ・ストークスの式を精度良く解くための高次精度(空間六次精度、
 時間四次精度)の差分スキームを開発し、二つの物体まわりの流れの問題に適用することにより、
 渦の運動と騒音発生のメカニズムを明らかにしたもので、全編6章よりなる。
 第一章は緒論である。
 第二章では、同じ大きさの二つの角柱が流れに対して前後に配置された場合に、前方の角柱から
 放出される渦と後方の角柱が干渉することにより発生する騒音のメカニズムを、特に角柱間距離と
 音の発生との関係に着目して研究し、角柱間距離が短い場合には騒音が低減し長くなると増大する
 ことを明らかにしたもので、ヘリコプタ騒音や風車の風きり音などの低減を考える上で極めて重要
 な成果である。
 第三章では、二つの角柱の配列を斜めにすることにより、物体前後の間隔のみならず上下の間隔
 が騒音発生に及ぼす効果をも明らかにしたものであり、第二章で得られた成果をより一般化された
 物体配置の場合の騒音問題に拡張したものである。これは応用上有用な成果である。
 第四章では、大きさの異なる二つの角柱が流れに対して前後に配置された場合における騒音発生
 と伝播のメカニズムを、特に前方に配置された角柱の大きさが騒音発生に与える効果に着目して研
 究し、発生する渦の放出周波数が前後の角柱で異なることにより発生する音波に変調が生ずること
 を明らかにしている。これは貴重な成果である。
 第五章では、単独では音を発生しない平板の前方に角柱を配置し、角柱から放出される渦と平板
 との干渉により音が生成されるメカニズムを研究し、角柱の配置位置が騒音発生に及ぼす効果を明
 らかにしている。これは有益な成果である。
 第六章は結論である。
 以上要するに本論文は、流れの中に二つの物体が存在する場合について、一つの物体から放出さ
 れる渦と他の物体が干渉することにより音が生成され伝播するメカニズムを数値的研究により明
 らかにしたもので、流体騒音の低減化など、流体工学および計算空力音響学の発展に寄与するとこ
 ろが少なくない。
 よって,本論文は博士(工学)の学位論文として合格と認める。
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